One hundred consecutive patients who were treated in an Accident and Emergency Department for 'cardiac arrest' were studied prospectively. Of these 30% had arrested within the community, 21% in transit and 49% in hospital. The immediate outcome was that 40 left the A&E Department alive; of these, 13 left hospital alive. The 'survivors' included 3 cases of documented asystole. Patients who were over the age of 65, who arrested out of hospital and at night, were found to have a poor prognosis. The time between arrest and arrival of the ambulance was found to affect outcome. Patients with ventricular fibrillation had the best prognosis and those with electromechanical dissociation the worst.
Introduction
Although there is an account in the Bible of a successful resuscitation by Elijah of a young boy (2 Kings 4:34) , it was in the mid-1950s that a number of reports appeared suggesting that cardiac arrests were survivable if they were treated aggressively'. In 1960, closed chest cardiac massage was described? and, since then, much time and energy has been devoted to the management of cardiac arrests in hospital, with 'cardiac arrest teams', and by the general public, through community training schemes. It remains, however, an ill-defined and poorly studied condition because of the wide range of factors affecting the outcome and the difficulty of assessing the relative importance of these factors. The present study was undertaken to examine cardiac arrest as it is seen in one specific situation, an Accident and Emergency Department.
Patients and methods
There is only one A&E Department in Nottingham to serve a population of 800000; in 1985, 115000 new patients were treated.
A prospective study was carried on all patients treated for cardiac arrest in the A&E Department between 1 August 1984 and 30 September 1985. The definition of cardiac arrest was that of the Resuscitation Council? (loss of consciousness with absence of any palpable pulse), and was adhered to throughout the trial.
For patients who did not arrest in hospital, the ambulance crews provided information about the patients' initial clinical condition as well as transit times and prehospital treatment, At present, about halfthe ambulances in Nottingham carry a combined defibrillator and electrocardiograph (ECG) monitor: for patients carried in these ambulances, ECG traces were available.
On arrival at the A&E Department, cardiopulmonary resuscitation was continued. Records were made of all the drugs used, the ECG on arrival of the patient, together with the blood pressure, pulse, respiration and pupillary responses. Resuscitation was conducted by A&E staff, with a senior doctor (consultant, senior registrar or registrar) virtually always present. If the ECG showed ventricular fibrillation, the patient was defibrillated. Resuscitation included endotracheal intubation, establishment of venous access, sternal compression, and estimation of acid-base and electrolyte disturbance. Sodium bicarbonate was not given routinely, but acidosis was corrected if severe. Small volumes of drugs (up to 5 ml) were given via the endotracheal tube until intravenous access was achieved. If a sinus rhythm with electromechanical dissociation was present, a pneumothorax was excluded and pericardial aspiration performed before resuscitation was abandoned. Asystole was treated initially with a bolus of atropine (1.2 mg), followed by adrenaline (1:100), then isoprenaline (2 mg) and calcium gluconate. Resistant ventricular fibrillation was treated with a bolus of lignocaine (100mg) followed by a lignocaine infusion.
There were no rigid criteria for the discontinuation of cardiopulmonary resuscitation: the decision to stop was taken by the senior A&E doctor present and took account of the duration of the arrest, the patient's age, pre-existing illness and the cardiac rhythm.
Survivors were transferred to the intensive care unit, the coronary care unit, or a general medical ward. Where possible, those who did not survive had a postmortem examination.
Results
One hundred patients were studied, their mean age being 66 years (the oldest 94 yr and the youngest 28 yr, s.d. 13.0yr); 60% were male. There were three groups: those who arrested in the A&E Department (49%), those who arrested in transit (21%) and those who arrested before the arrival of an ambulance (30%). The number of survivors in each group is shown in Table 1 . The overall survival rate was 40% to leave the department and 13% to leave hospital. The likelihood of a patient surviving to leave the department was significantly higher for those who arrested in the hospital or in transit (33of70) than for those who arrested before an ambulance arrived (7 of 30) (2 x 2 contingency tables, chi-square statistic = 7.09, P<O.01).
Of the 13 patients who left hospital, 10 were below the age of 65. Age did not significantly influence Pupils Table 2 . Outcome related to rhythm at start of treatment. Records were kept of drugs given and frequency of administration. On average, each patient was given 2.5 different drugs: 60% were given sodium bicarbonate, 56% adrenaline, 54% atropine, 44% calcium gluconate, 28% isoprenaline and 12% lignocaine. The administration of isoprenaline and lignocaine were associated with especially poor outcomes.
In 60 cases resuscitation attempts were unsuccessful, and a further 27 patients died in hospital. Of the 87 people who died, 56 had a postmortem examination ( Figure 1 ). The death certificates of those who did not have a postmortem examination were issued by the family practitioner or the hospital doctor involved. Of the 56 who had a postmortem examination, 36 (64%) died from cardiac-related causes. Half of these 36 arrested in the department. Those who died from cardiac causes were significantly more likely to have died in the department than those who died from other causes.
Five patients arrested following multiple trauma and none survived.
whether a patient left the department alive; it was, however, significant in predicting whether the patient ultimately left hospital. Of those under 65, 10 out of 19 who left the department alive left hospital alive, whereas with the over 65s it was only 3 out of21 (2 x 2 contingency tables: chi-square statistic = 5.05, P<0.025).
A high proportion (66%) of 'arrests' occurred between the hours of 09:00 and 17:00 (Table 1) . Of these, 33 (50%) left the A&E Department and 13 (19%) left the hospital alive. The long-term outcome was significantly worse (2 x 2 contingency tables, chi-square statistic = 6.65, P < 0.01) amongst those arresting during the evening and at night: 7 (21%) left the department alive but none left hospital. The difference was most marked amongst those who arrested outside hospital, though this did not reach statistical significance. There was no significant difference in the ambulance response times during the day and at night.
For those patients who arrested before the arrival of the ambulance, the time between the call being received and the ambulance arriving was important in predicting survival. Seven out of 8 who survived to leave the department had ambulances present within 4 minutes. The time between arrest and time of arrival of the ambulance was significantly shorter for survivors (Mann-Whitney U test: P<0.05).
The commonest arrhythmia when treatment was started was asystole (39%): Table 2 shows the survival rates for the different rhythms. The cardiac rhythms of many patients changed during treatment: 35% were treated for both asystole and ventricular fibrillation. The immediate survival rate was highest for patients treated solely for ventricular fibrillation and lowest for those treated solely for asystole/ bradycardia. For those patients who were treated for both asystole and ventricular fibrillation, survival was not affected by the rhythm at the start of treatment. Nine patients were defibrillated by the ambulance personnel, one in transit and 8 before leaving the scene of the arrest; 5 of the 9 left the department alive and 2 left the hospital. Four patients who arrested in transit were in ventricular fibrillation on arrival at hospital; none had been defibrillated and none survived to leave the department.
A high proportion of patients (59%) had fixed dilated pupils recorded prior to the administration of atropine ( Table 3 ). The prognosis of such patients was the same in the short-term as those with normal pupils (2 x 2 contingency tables; chi-square statistic = 0.4, NS), but their long-term prognosis was significantly worse (2 x 2 contingency tables; chi-square statistic = 7.7, P<O.Ol). Nonetheless, 7% of patients with dilated and unreactive pupils left hospital alive. 
Discussion
Cardiac arrest is a difficult condition to study: survival rates are influenced by the wide range of causes, some of which are amenable to treatment and some of which are fatal from the outset. It is almost impossible to obtain accurate information about some aspects of the timing of arrests. Different definitions of arrest have been used, making individual studies difficult to compare. The Resuscitation Council definition.' that we have used is simple and has the virtue of being functional because it defines the point at which intervention is necessary.
Survival rates reported following cardiac arrests have varied between 21% and 4.1%4.~: this variation reflects the difficulty of defining the condition, treatment, endpoint and outcome. It is hard to compare previously reported rates with ours because of this variation, but all previous authors agree that the active treatment of arrests saves a significant number of lives. The most similar study to ours was carried out at the Edinburgh Royal Infirmary", but it was retrospective and excluded some causes of arrest, such as trauma, making direct comparison impossible.
The reason for the poor long-term survival ofthose who arrested during the evening and at night is not clear. Some of those who arrested at night would not have been found until the next morning and were, therefore, 'brought in dead': this may account for the fact that twice as many arrests were treated during the day as at night. There was no delay in ambulance response times at night, and it seems likely that the delay was in calling the ambulance. Patients who arrested in hospital also had a worse prognosis at night: this may have been related to the condition of patients when they arrived or to the difficulty ofrnobilizing resources out-of-hours. If it was the latter, it reinforces the importance of the A&E Department being a self-contained unit which can undertake resuscitation without any external assistance.
The best prognosis, both long. and short-term, is for those patients who start to fibrillate and can be defibrillated immediately. Patients who were defibrillated more than 3 times did not leave hospital. This may reflect the amount of myocardial damage or be due to the fact that the myocardium has been rendered resistant to defibrillation by anoxia: if the latter, it may be that standard resuscitation techniques should lay greater emphasis on aggressive oxygenation prior to defibrillation.
Prehospital defibrillation in Nottingham has been discussed previously 7 • Our findings confirm its value, with 2 patients surviving to leave hospital after defibrillation by ambulancemen. Cobb and Hallstrom" have shown the close relationship between survival and the delay to defibrillation. It is vital that ambulancemen are trained to stop the ambulance and defibrillate the patient if fibrillation starts on the way to hospital.
Asystole has been regarded as having a poor prognosis. Myerburg et al:? had no long-term survivors out of 108 arrests due to asystole or profound bradycardia: 9 of their patients did, however, survive to be admitted to hospital. Our experience shows a less gloomy picture, with 23 out of60 leaving the department and 5 leaving hospital. We feel that asystolic arrests fall into two groups: first, those in whom asystole is caused by extensive myocardial damage; and secondly, those who develop a progressive bradycardia and, ultimately, asystole due to excessive vagal stimulation. Our protocol requires that atropine is used as the first drug for asystole, on the basis that any patients likely to survive asystole will come from the second group!".
Many of the factors that we identified as affecting outcome affect the survival of the patient to leave hospital rather than the shorter-term objective of leaving the A&E Department. The reason for this is uncertain as one might have expected that, in cardiac terms, if patients survived the immediate insult, the subsequent outlook would be good. The fact that fixed dilated pupils are a prognostic factor suggests that cerebral anoxia has a part to play.
It would seem that the main scope for improving survival is amongst the 36 patients who were shown to have died from cardiac causes. Amongst this group, there were some who were unsalvageable: 18 of them arrested in the department and we consider r they had optimal treatment. The fact that this group tended to die early suggests that death was due to the primary cardiac cause rather than the later sequelae of the arrest.
Whether the main emphasis in training should be toward ambulancemen or the general public is a matter for debate. In Seattle, where about 30% of the public have undergone a short course in cardiopulmonary resuscitation (CPR) techniques, the survival rate from arrests is about 60% B. There is also an excellent paramedical service which aims to have trained personnel at the scene of an arrest within 3 minutes. It is, therefore, difficult to be sure where the credit for the survival rate lies. There are also considerable problems in ensuring that those who have been trained remain competent: Cobb and Hallstrom" suggest that part of the value of the community training programme may be to raise awareness of CPR and encourage people to 'have a go'. In the UK, the statutory obligation is to have an ambulance at the scene of an arrest within 8 minutes for 50% of calls II. Ambulance response times in this country will not rival those of the US paramedics, and therefore bystander CPR may be more important.
. Several authors have noted the poor know ledge and lack of expertise amongst junior hospital doctora'? and have emphasized the need for training in CPR to be included in the undergraduate curriculum 1 3 • It is difficult to teach a practical skill effectively to students given the constraints of their timetable, but we spend a considerable time with our medical students using an ECG simulator and model. The main emphasis in training should be placed at the time when the young doctor is actually having to undertake resuscitation: although this should be as preregistration housemen, it is frequently difficult to provide senior cover at arrests. The A&E Department has a major role to play in this education because of the number of arrests treated and the ready availability of senior staff. Our senior house officers are introduced to the subject and then taught to intubate and insert central cannulae as well as the general management of arrests; this training takes place during arrests as well as at more formal sessions. Previously there has been a rather apathetic attitude towards in-hospital cardiac arrests!" but fortunately this appears to be changing.
Many of the factors we have identified as affecting the outcome appear to be either not amenable to intervention (such as age and site of arrest) or most readily affected by early intervention. Although the initial response may consist of bystander CPR, it must also include the early provision offully trained and equipped personnel who can undertake defibrillation. If cardiac arrest is treated actively, it has a worthwhile survival rate.
